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known worldwide because of  their  female adults’  bite 
on humans and cattle [1, 2]. Pre-imago stages are ex-
tremely  specialized,  as  strictly  related  to  running wa-
ters,  and  can  be  found  from  snow melting  brooks  to 







as  Thricoptera,  which massively  feed  on  them.  Adult 
black flies are predominantly nectarivorous − males ex-
clusively − but females need a blood meal  in order to 























several  studies  demonstrated  that  the  composition  of 
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ticular,  the  first  information  curiously  come  from  the 
“Fauna of URSS”  [14]  regarding  the  identification of 


















fectiveness  of  the  Simuliidae  family  as  environmental 





with  environmental  factors,  a  two  year  field  research 
(2008-2009)  was  carried  out  in  rivers  and  streams 








conditions,  a  bimonthly  sampling  activity was  carried 









hydrographical  and climatic  factors  [17]. Most of  the 
cultivable land in this area is used for agriculture, prin-






















the year and at  the  same  time mature  larvae and pu-
pae were easily collected. Figure 1 shows the distribu-
tion of  the  sites  in  the  study area;  site  code numbers 
were assigned in ascending order during the sampling 
campaigns, while the letters refer to the rivers. Most of 
the  sampling  sites  (coded with  capital  letters  in Table 
1) are located in streams flowing in volcanic areas with 
siliceous substratum typical of central Latium, while a 
lower number  of  sites,  in  the Eastern piedmont  zone 
of Apennines mountains, presents a calcareous substra-
tum (coded in lower case in Table 1). 
Land use and water variables
Land use percentages for the upstream basins of each 
sampling  site  were  obtained  from  the GIS CORINE 
Figure 1 
Study area and sampling sites: river codes are reported in Ta-
ble 1; Province of Rome in white, with urbanized areas in light 
grey; inset: the location in Italy.

























of  the  land use  categories: wood,  pasture,  agriculture 
and urban.
Water variables indicating agricultural and urban pol-
lution  were  detected.  Temperature,  dissolved  oxygen, 
pH,  and  electric  conductivity  were  measured  in  the 
field with portable probes. Stream water samples were 





gen  demand  (COD),  and  biological  oxygen  demand 
(BOD5).  Spectrophotometrical  analyses  were  per-
formed  following standard methods:  ISO 7150-1 [20] 
for NH4+;  ISO 7890-1[21]  for NO3-;  ISO 15705  [22] 
for COD;  ISO 5815-1[23]  for BOD5; and  ISO 6878 







Black fly sampling and identification
Black  flies  were  predominantly  collected  in  the 
springtime,  when  they  quickly  reach  the  last  larval 
stages or the pupal stage and they can be easily  iden-
tified. A longer sampling campaign was performed on 
the Simbrivio and Licenza streams, coded  si  and  li  in 
Figure 1,  and  on  the  high  course  of  the Aniene  river 
(coded an), that were sampled bimonthly for an entire 
year  in  order  to  correlate  seasonality  and  altitudinal 
features  of  the  streams  to  black  fly  assemblages.  The 
choice of these watercourses lies on the fact that their 




surfaces)  in  riffle  meso-habitat,  using  entomological 
tweezers  from  pebbles  and  other  removable  surfaces, 
while a  surber net was used  for  immobile  surfaces. A 
20 minute  sampling  effort was  performed by  a  single 
operator  in  each  site  to  standardize  sampling.  Such 


















to  the  environmental  variables  (results  available upon 
request).  The statistical significance of a CCA ordina-
Table 1
List and codes of studied streams and rivers, and number of studied sites per watercourse (siliceous stream codes in capital letters)
Code Stream name Number of sites Code Stream name Number of sites
AL Almone 1 TS Tor Sapienza 4
AR Arrone 5 TO Torraccia 4
CA Caduta 1 VA Vaccina 2
CR Cremera 7 VN Vallerano 5
CZ Crescenza 7 VI Vicarello 1
DO Doganella 1 an Aniene 8
FU Fiume 2 ba Bagnatore 1
I Incastro 3 bg Bagno 1
MG Magliana 6 co Corese 2
MF Malafede 6 e Empiglione 2
O Osa 1 fc Fiumicino 2
PR Prefetti 1 fi Fiora 1
RE Renara 1 li Licenza 4
RT Rio Torto 2 mi Mignone  3
SB San Basilio 2 ri Rio 1
SM San Martino 2 si Simbrivio 4
SV San Vittorino 3 t Tevere 8
SE Settebagni 1 vl Valle 1
















































Among  the  species-groups,  “ornatum” group  (S. in-
termedium  and  S. ornatum  s.l.)  presented  the  highest 
frequency  (81% of  all  sampled  sites),  followed by  the 
“equinum” group  (S. pseudequinum, S. equinum  and S. 
lineatum) found in 39% of sites, the “aureum” group (S. 
velutinum  and S. angustipes)  in  35%,  the  “variegatum” 






clefts,  even  if  available  cocoon-emerging  adults  were 
identified  in  the  laboratory  to  confirm determination, 
whenever available. 
The  largely  most  common  species  was  S. ornatum 




belonging  to  “aureum”  and  “equinum”  species-groups. 




that  showed  only  a  punctual  distribution:  S. erythro-
cephalum, S. brevidens, S. lundstromi and P. latimucro.







0.01).  In  the  resulting  plot,  sites  (dots)  and  species 
(asterisks)  are  clustered  in  two  groups,  denoted with 
the  letters A  and B  in  the  picture, whose  separation 
is  supported  by  some physico-chemical  and  land  use 
parameters  that present  the highest  correlations with 
the  two  axes  (correlation  >  0.30). Group A  contains 





Comparison between literature (A, see text for details) and 
present study (B) lists of black fly species in the province of 






Prosimulium (Prosimulium) hirtipes (Fries, 
1824) + +
PPh
Prosimulium (P.) rufipes (Meigen, 1830) - + PPr
Prosimulium (P.) latimucro (Enderlein, 1925) - + PPl
Prosimulium (P.) tomoswaryi (Enderlein, 
1921) + -
Simulium (Eusimulium) velutinum (Santos 
Abreu, 1922) + +
SEv
Simulium (E.) angustipes Edwards, 1915 + + SEa
Simulium (E.) petricolum (Rivosecchi, 1963) + -
Simulium (Nevermannia) angustitarse 
(Lundstrom, 1911) + +
SNa
Simulium (N.) cryophilum (Rubzov, 1959) + + SNc
Simulium (N.) lundstromi (Enderlein, 1921) + + SNl
Simulium (N.) vernum Macquart, 1826 + + SNv
Simulium (N.) marsicanum (Rivosecchi, 
1962) + -
Simulium (N.) brevidens (Rubzov, 1956) + + SNb
Simulium (Wilhelmia) equinum (Linnaeus, 
1758) + +
SWe
Simulium (W.) lineatum (Meigen, 1804) + + SWl
Simulium (W.) pseudequinum Séguy, 1921 + + SWp
Simulium (W.) balcanicum (Enderlein, 1924) + -
Simulium (Simulium) variegatum Meigen, 
1818 + +
SSv
Simulium (S.) argyreatum Meigen 1838 + + SSa
Simulium (S.) monticola Friederichs, 1920 + + SSm
Simulium (S.) ornatum complex (Meigen, 
1818) + +
SSo
Simulium (S.) intermedium Roubaud, 1906 + + SSi
Simulium (S.) hispaniola Grenier & Bertrand, 
1954 + -
Simulium (S.) rivosecchii Rubzov, 1954 + -
Simulium (S.) reptans (Linnaeus, 1758) + -
Simulium (S.) liriense Rivosecchi, 1961 + -
Simulium (S.) bezzii (Corti, 1914) + -
Simulium (Boophthora) erythrocephalum 
(De Geer, 1776) + +
SBe
Simulium (Obuchovia) brevifile Rubzov, 
1956 + -












































tat  and  cold waters,  such  as  those of  the Prosimulium 
genus,  which  reproduce  once  during  the  year  (uni-
voltine species). Others, such as “equinum” group spe-
cies, S. erytrocephalum  and S. angustipes, prefer  slower 
and warmer waters, and are typically collected in plane 
rivers. The third group, finally, includes all species that 


























by a  large number of  species: S. cryophilum  (SNc), S. 
monticola  (SSm),  S. angustitarse  (SNa),  S. velutinum 





Altitude ranges of black fly species distribution (0-20 m: sea level; 21-200 m: plane; 201-400 m: low hill; 401-600 m: high hill; 601-
800 m: low mountain; 801-1300 m: mountain)
  Altitude (metres a.s.l.)





P. hirtipes - - - + + -
P. rufipes - - - - - +
P. latimucro - - - - - +
S. ornatum + + + + + -
S. velutinum + + + - - -
S. angustipes - + - + + -
gr. aureum + + + + + -
S. angustitarse - + + - - -
S. equinum + + + - - -
S. lineatum + + + - - -
S. pseudequinum + + - - - -
gr. equinum + + + - - -
S. argyreatum - - + + + -
S. variegatum - + + + + -
S. monticola - + + + - +
gr. variegatum - + + + + +
S. cryophilum - + + + - -
S. lundstromi - + - - - -
S. brevidens - - - + + -
S. erythrocephalum + - - - - -
























Altitudinal and seasonal changes in black fly 
assemblages and water pollution 
The  zonal  and  seasonal  distribution  of  black  flies 
was  studied  in  some  water  courses  that  still  present 
fair  conservation  status.  In  the  highest  sites  of  both 
the  tributary  streams  (Simbrivio  and  Licenza),  black 
flies  assemblages  are dominated by  species belonging 
to Prosimulium  genus  during  winter  and  early  spring. 
During  the  same period, all  sites  located downstream 
are  dominated  by  species  of  the  group  “variegatum” 




summer and  in early autumn the situation of  the  two 
streams diverges. In fact, while all the sites of the Sim-





The  only  exception  is  the  highest  site  of  the Licenza 
stream,  located  upstream  any  pollution  sources  and 
where S. argyreatum and S. monticola  still  characterize 
the black fly assemblage, together with “aureum” group 
species (S. velutinum and S. angustipes). However, when 
winter  returns,  S. ornatum  disappears  while  Prosimu-
lium  and  “variegatum”  species  recover  the dominance 
respectively  in mountain  and medium course  sites. A 









[10,  11,  32].  In  fact,  beside  the  relative  simplicity  in 
sampling both  larvae and pupae,  leading a sessile  life, 
these insects are quite abundant and ubiquitous. Actu-
ally, their absence was detected only in strongly altered 
water courses of  the  studied area, where  industrial or 
mining  waste  had  generated  conditions  (foams,  sus-




this  family  are  the most  frequently  used  as  biological 
indicators, together with Chironomidae [33]. 
In consideration of these insects’ value as biological 
indicators,  a  comparison  between  black  fly  data  col-




















and S. pontinum) was  surely present  in  the area when 
reported, but probably disappeared due to the impair-
ment of the streams where they were detected [34]. The 
last  group  only  numbers S. vernum,  whose  disappear-












to  environmental  variables  also  gave  evidences  of  the 
strong impact of urbanization on river communities. In 
fact, while  site altitude proved  to be  the most  impor-
tant factor in black fly assemblage composition when all 
sampled sites were analyzed (confirming the upstream-
downstream  ecological  succession  already  described 
by previous studies [4, 6, 12, 35]),  trophic status and 




only  one  present,  seems  to  point  out  the  sites  in  the 




Canonical correspondence analysis (CCA) on environmental 
variables and black fly species abundances in studied sites 
(sites represented with dots; species codes in Table 2; Plot 1: 
group A contains mountain sites; group B contains hill and 
lowland sites; axis 1 + axis 2: 31.57% total variance explained; 
Plot 2: group A: best conditions; group B: intermediate condi-
tions; group C: worst conditions; axis 1 + axis 2: 38% total vari-
ance explained).










































takes  competitive  advantage  from  the  rural  to  urban 
land use change.
The  two-month sampling of  the sites  located  in  the 
medium-high course of  the Aniene  river and  its main 
tributaries  made  it  possible  to  confirm  the  observa-

















partially disagree with  the observations  carried out  in 












on  the  ecological  features  of  larvae,  strictly  related  to 
stream chemistry and hydrology. The results of this study 
are  consistent  with  the  ecological  succession  of  black 
fly species at larval stage, but also the peculiar feeding 
habits  of  the  adults,  strongly  dependent  on  landscape 
arrangement,  results  to be closely  related  to  the black 




grass,  trees  or  hedges  are  extremely  important  for  fe-
male black flies, that are used to resting in these areas 
while waiting for a vertebrate to bite [3]. Moreover, the 
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